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Introduction
Emerging contaminants are a heterogeneous group of substances, such as pharmaceuticals, personal care products, flame retardants and surfactants that are commonly derived from households, municipal, agricultural and industrial wastewaters. These products are widely used and often pass through water treatment works unaltered before being discharged into the environment. Moreover, the use in agricultural soil of sewage sludge produced in wastewater treatment plants (WWTPs) is highly encouraged by national authorities, because it is an economic way of recycling nutrients and organic matter contained in sludge while improving the physico-chemical properties and fertility of soil. However, toxic substances present in sludge may be incorporated to soil with this practice raising an environmental concern [1, 2] .
Emerging contaminants have drawn the attention of the scientific community because of their wide occurrence in the environment that is not commonly monitored due to the lack of regulation. In addition, adverse effects of these substances on humans and animals, such as endocrine disruption activity, carcinogenicity and neurotoxicity among others, have been observed. Therefore, the impact of these compounds on the environment has to be evaluated and this assessment requires the availability of reliable data, thus, adequate analytical methods with sufficiently low detection limits have to be developed.
The analytical procedures used in the determination of emerging contaminants in environmental solid samples involve a sample preparation step that includes sampling, extraction, clean-up and occasionally derivatisation to enhance the analytical response of these compounds. Moreover, the strong adsorption of these contaminants to solid matrices and their occurrence in highly complex mixtures, formed in some cases by many homologues, oligomers and isomers, pose additional difficulties to their analysis. For determination at trace levels, analyses are normally carried out by chromatographic methods combined with detection techniques preferably able to confirm analyte identity.
The objective of this work is to review the analytical methods, including sample preparation as well as determination, reported in the last ten years for the analysis of emerging contaminants (surfactants, flame retardants, pharmaceuticals and personal care products) in soil, sediment, and sewage sludge.
Surfactants
Surfactants are a diverse group of chemicals employed in a wide variety of applications. They have hydrophobic and hydrophilic groups, which allow sorption to nonpolar and polar materials at the same time and to form micelles in solution, giving surfactants their detergency and solubilisation properties. Thus, they are mainly used as components of detergent and cleaner formulations, but also in products such as personal care products, paints, polymers, pharmaceuticals, textiles or pesticides. Synthetic surfactants are some of the chemicals most widely used in the world, being the annual global consumption higher than 13 million tons in 2006, thus, they are emerging contaminants of special interest. As a result of this interest, some reviews and book chapters have been published in the last years about surfactants production and their environmental behaviour and effects [1] [2] [3] [4] .
Four surfactant classes can be established according to the nature of the hydrophilic group: nonionic, anionic, cationic and amphoteric or zwitterionic surfactants. Nonionic and anionic surfactants represent 86% of the world surfactant consumption; whereas amphoteric surfactants, including betaines and amine oxides, are the surfactants less consumed (3%). No scientific articles have been found in the literature for the analysis of the latter in environmental solid samples and, therefore, they have not been considered in this review.
Anionic surfactants
Anionic surfactants have a hydrophobic alkyl chain and a sulphonate, sulphate, carboxylate or phosphate group, which makes these compounds to be negatively charged in aqueous solutions. Commercial anionic surfactants contain mixtures of homologues with different alkyl chain lengths and different isomers.
Linear alkylbenzene sulphonates (LAS), the most widely used anionic surfactants, are complex mixtures of closely related isomers and homologues, with linear alkyl chains ranging from 10 to 14 carbon units attached to an aromatic ring sulphonated at the para position. Other commonly used anionic surfactants, although in less extent than LAS, are alkyl sulphates (AS), alkyl ethoxy sulphates (AES) and secondary alkane sulphonates (SAS).
Sample preparation
The application of classical extraction techniques, such as Soxhlet, has declined in the last years in favour of modern extraction techniques like pressurised liquid extraction (PLE) or ultrasound assisted extraction (UAE) ( Table 1) . Thus, Soxhlet extraction has been used in studies focused in the development of adequate chromatographic methods [6, 14] or when different extractive techniques were compared [13, 16] . Nevertheless, when comparative extraction studies were accomplished, UAE or PLE were usually chosen instead of classical techniques to carry out surfactants extraction. In general, PLE was the main extractive technique applied using methanol [16, 17] , methanol:acetone (1:1, v/v) [15, 18] or methanol:water (90:10, v/v) [5] as extraction solvents. The amount of sample extracted varied from 5 to 10 g and the methods used different extractive conditions; although a cleanup of the extract through a C 18 solid-phase extraction (SPE) column was necessary in all of them. With other extractive techniques, a lower amount of sample was used. Thus, Bruno et al. [11] employed only 50 mg of sample to extract a mixture of anionic and nonionic surfactants and some metabolites in sludge by subcritical water extraction (SWE), followed by a clean-up with 1 g of graphitised carbon black (GCB) and recoveries higher than 87% were obtained. Villar et al. [7, 8] used 0.5 g of sample and 5 mL of methanol for the analysis of LAS in sludge by microwave assisted extraction (MAE) or UAE [9] obtaining recoveries from 83 to 102%. Table 1 shows the analytical techniques used to determine anionic surfactants in solid environmental samples. There are few studies on anionic surfactants other than LAS [11, 14, 17, 18, 35] , probably due to their lower potential environmental occurrence and, until recently, the limitation to have selective and sensitive enough analytical techniques for their determination. Nevertheless, as improvements in liquid chromatography-mass spectrometry (LC-MS) occurred, it became one the most powerful tools for surfactant analysis in environmental samples. Thus, its specificity allows the unequivocal identification of homologues and ethoxymers and it has been used in the determination of LAS and their main metabolites, sulphophenyl carboxylate compounds (SPCs) [5, 6, 10] , as well as to evaluate anionic and nonionic surfactants [11, [14] [15] [16] [17] . Reverse-phase with C 8 or C 18 bonded silica packing Ref.
Determination

Soil (10)
LAS ( are the stationary phases most commonly used in the analyses. Usually LC-MS analysis of anionic surfactants is performed with electrospray ionisation (ESI) under negative ion-mode; nevertheless, for the simultaneous detection of anionic and cationic surfactants, analyses can be performed in positive or negative mode depending on the compounds to be determined [11, 14] or in mixed-mode to achieve a simultaneous detection of the compounds [17] . Eichhorn et al. [5] reported the first analytical method based on liquid chromatography tandem mass spectrometry (LC-MS/MS) for the quantitative determination of LAS, including their major degradation products, SPCs, in sludge-amended soil. This method allowed the detection and identification of low concentrations of SPCs in environmental samples of high complexity, with the limits of quantification (LOQ) between 0.3 and 0.8 ng g -1 . Andreu and Picó [6] used liquid chromatography multiple stage mass spectrometry (LC-MS n ) and the MS 2 and MS 3 allowed the unequivocal detection and quantification of LAS and their degradation products in soil. However, detectors other than mass spectrometry (MS), such as fluorescence (FL) or diode array detectors (DAD), have also been used to evaluate LAS in sludge [7] [8] [9] 13] . It should be noted that higher limits of detection (LOD) were obtained by compared to those reported by other authors [10] [11] [12] [13] . Nevertheless, these concentrations are close to the limit values of 2600 mg kg -1 established in the third draft of the future European Union (EU) Directive for total LAS in sludge for land application [36] . Another technique used to determine LAS in sludge was capillary electrophoresis (CE), which has been described as a good and quick technique for the analysis of ionic compounds using small sample amounts and low consumption of solvent, but with low concentration sensitivity. Recently, Villar et al. [8] and Alzola et al. [12] have determined LAS in sludge by CE with DAD. Dialkyltetralin sulphonates (DATS) are reaction by-products of LAS that can be present at levels from 3 to 10% in the LAS derived from an AlCl 3 process described as less than 5% from total LAS production in 2005 [37] . Nevertheless, although DATS are minor components in LAS formulations, these by-products seem to be more resistant to biodegradation than LAS and they are present at higher concentration in sewagecontaminated groundwater [38] . The determination of DATS in sludge was included in the multiresidue analysis of anionic and nonionic surfactants developed by Bruno et al. [11] .
Nonionic surfactants
Nonionic surfactants have a balance between the hydrophobic and hydrophilic groups and are not ionised in aqueous solutions. The most important nonionic surfactants are: alcohol ethoxylates (AEs), alkylphenol ethoxylates (APEOs), fatty acid alkanolamides (FAA), n-methylglucamides (NMG) and alkylpolyglycosides (APG). AEs, containing an ethylene oxide chain attached to the hydroxyl group, are formed by compounds differing in the chain length (between C 8 to C 18 units are the most common) and in the number of ethylene oxide units (indicated by a subscript). APEOs are based on p-octyl-, nonyl-, and dodecylphenol poly(ethylene glycol) ethers. Although parent APEOs are not classified at highly toxic substances, some of their metabolites have been reported to have endocrine disruption activity at low concentrations in different aquatic organisms [2] . Thus, the hydrophilic ethoxylate chain of nonylphenol polyethoxylates (NPEOs) is shortened during wastewater treatment to the corresponding nonylphenol monoethoxylate (NP1EO) or diethoxylate (NP2EO) and further biodegraded to completely deethoxylated nonylphenol (NP), which has been listed as a priority substance in the Water Framework Directive [39] .
FAA has little application in laundry detergents but they can be added to give stability to the foam produced by shampoo, liquid soaps and some personal care products. NMG are used as co-surfactants in powder and liquid detergent formulations. Finally, APG usually consist of an alkyl chain and sugar derivatives made Ref.
from vegetable oils and starch. There is growing interest in these surfactants of natural origin because they could replace traditional petroleum surfactants [40, 41] .
Sample preparation
In general, most of the analytical methods reported for the analysis of nonionic surfactants in environmental solid samples use modern extractive techniques (Table 1) and MAE is perhaps one of the most used for the extraction of these compounds. For this reason, reviewed the application of MAE to the determination of surfactants, among other emerging pollutants. Together with MAE, UAE and PLE are techniques usually used to extract nonionic surfactants from solid environmental samples, often together with other emerging contaminants. Although alkyl phenols (APs) and APEOs have been extracted by shaking [43] , there is an interest in developing selective and sensitive methods for the extraction of these contaminants. Recently, developed a method for the analysis of 4-nonylphenols, among other compounds with estrogenic properties, by means of UAE and stir bar sorptive extraction (SBSE) with in situ derivatisation. No recovery assays were done in this study because the method accuracy was determined by analysis of a certified reference material that contained only chlorophenols.
However, PLE seems to be the extraction technique most commonly used when only nonionic surfactants are determined [15, [19] [20] [21] [22] . A field study designed by , to determine APs and APEOs in agricultural soils using PLE with methanol, and a cleanup and pre-concentration of the extracts by SPE using ENV+ cartridges, allowed them to study the behaviour of these compounds in agricultural soils. Using PLE as extractive technique, Krogh et al. [19] developed a method to analyse alcohol polyethoxylates (AEOs) and alkylamine ethoxylates (ANEOs) in soil contaminated from the use of these surfactants as adjuvants in pesticide formulations to enhance their effectiveness. Nevertheless, classical techniques, such as Soxhlet or Soxtec [25, 28] , UAE [27] and shaking [26] , continue to be widely used procedures. Croce et al. [46] carried out the comparison of five extraction techniques for the determination of NP and NPEOs in river sediments. In this study, all the methods gave reliable results but the small amount of solvent and reduced extraction time are important advantages of PLE and MAE techniques. The effect of four different pre-treatments (untreated, freezedried and dried at 40 ºC or 100 ºC) were evaluated by for the determination of APs and NPEOs in sludge. The results showed that freeze-drying is the recommended sample pre-treatment to prevent possible losses of octylphenol (OP), NP and NP1EO. The development of rapid, simple and selective extractive methods for the analysis of these compounds in sludge has been a main objective [24, 29, 30] . With this aim, the method developed by Cantero et al. [24] used acid-induced sodium dodecane sulphonate phase separation to extract APEOs and AEOs from sludge samples, with recoveries between 78 and 100% and LODs between 90 and 380 ng g -1 . Nuñez et al. [29] described the preparation and evaluation of several NP molecularly imprinted polymers (MIPs) for the selective extraction and clean-up of NP and NPEOs in solid samples and the method was successfully applied to the analysis of various sludge samples.
Determination
The chemical complexity of APEOs and AEOs, which are mixtures of numerous isomers and oligomers, needs a quite sophisticated analytical methodology for their isolation, identification and quantification that is generally based on their determination by LC-MS or gas chromatography-mass spectrometry (GC-MS). C 18 bonded silica packing is the stationary phase commonly used in the LC analyses and 5% phenyl-95% methylpolysiloxane columns are often employed in GC-MS analysis. A review was published in 2002 on sample preparation methods for APEOs and their degradation products in environmental matrices [46] due to the interest of environmental analytical chemistry on these nonionic surfactants because of their questionable environmental acceptability.
These compounds, widely used in consumer products and industrial applications, are continuously discharged into WWTPs and their presence in sludge has been the focus of many studies. Thus, sludge has been the main matrix evaluated in the analysis and occurrence of nonionic surfactants, whereas there is scarce information regarding the environmental concentration of these compounds in soil and sediments. Some of the advances in the analysis of nonionic surfactants in environmental solid samples are summarised in Table 1 . Andreu et al. [21] applied LC-MS to analyse OP, NP, APEOs and AEs in soils treated with sewage sludge from WWTPs, showing the presence of these compounds at concentrations between 37-500 ng g -1 . The method developed by Isobe and Takada [28] to determine degradation products of APEOs in sediment employed GC-MS. In this method, the extract was fractionated through an anion exchange column into nonionic and anionic fractions and the APs fraction was directly subjected to GC-MS, whereas the NP1EO fraction was derivatised with N,O-bis(trimethylsilyl) trifluoroacetamide (BSTFA) and the mixture of nonylphenoxy acetic acid (NP1EC) and nonylphenoxy monoethoxy acetic acid (NP2EC) was methylated with boron trifluoride (BF 3 ) in methanol before GC-MS analysis, obtaining LODs between 3 and 40 ng g -1 . Due to the endocrine disruption capacity of 4-tert-OP, NP, NP1EO, and NP2EO, these compounds have been evaluated in some works together with other potential endocrine disrupting compounds (EDCs), such as bisphenol A (BPA), estrogens, phthalates, polycyclic aromatic hydrocarbons (PAHs), triclosan or polychlorinated biphenyls (PCBs) [43, [47] [48] [49] [50] [51] [52] [53] [54] [55] . When different groups of compounds were evaluated, analyses were usually done by GC-MS with a derivatisation step using BSTFA [49, [51] [52] [53] 55] or without derivatisation [56, 57] . Recently, gas chromatography tandem mass spectrometry (GC-MS/MS), more selective and sensitive than GC-MS, was applied in the determination of phenolic compounds and estrogens in sediments [48] . Nevertheless, Céspedes et al. [51] and Langford et al. [43] used LC-MS in their studies for the determination of 27 alleged EDCs in sediment samples, focused in the assessment of the total estrogenic activity of the samples by the recombinant yeast assay, and in the determination of alkylphenolic surfactants and PBDEs in sludge, respectively. Petrovic et al. [47] developed a new method for the analysis of EDCs in sediments, based on a PLE-on column switching system, for an integrated sample clean-up, and LC-MS that allowed the simultaneous analysis of the compounds in less than 2 h, showing a significant improvement in comparison to the method reported previously. In general, LC-MS is the analytical technique usually chosen when only surfactants are evaluated (Table 1) . Petrovic et al. [22] reported a LC-MS/MS method for quantitative analysis of NP, nonylphenol ethoxy carboxylates (NPECs) and their brominated and chlorinated derivatives. The method was applied to study the occurrence of halogenated alkylphenolic compounds derived from drinking water treatment plants and it was found that the flocculation sludge accumulated hydrophobic halogenated compounds and their precursors; hence, NP, brominated and chlorinated NPs were found in flocculation sludge in concentrations of 150, 105, and 145 ng g -1 , respectively.
Cationic surfactants
Cationic surfactants are mainly used in fabric softeners, hair conditioners and other hair care products and they are also important ingredient in disinfectants. According to CESIO surfactants statistics for Western Europe, during 2005 about 9% of the total surfactants consumed were cationic surfactants [47] . The most common cationic surfactants are quaternary ammonium compounds (QACs), which contain a hydrophobic tail linked to a positively charged quaternary nitrogen atom. Due to their positive charge, they have a strong affinity for the negatively charged particles in sludge, soil and sediments. As a result of their low consumption, few studies have been found in the scientific literature on the presence of cationic surfactants in solid environmental samples, in comparison to those reported on other surfactants (Table 1) .
Sample preparation
The extraction of cationic surfactants from solid matrices is difficult because they are strongly adsorbed by hydrophobic and electrostatic interactions. They are mixtures of homologues and, due to the low concentration expected, preconcentration methods are generally required. Different methods have been reported for the extraction and purification of QACs from sediment and sludge (see Table 1 ). Soxhlet, using acidified methanol as solvent, was used by for the extraction of QACs from sediment and sludge. Merino et al. [31] carried out the extraction from sludge samples using the acid-induced cloud-point extraction (CPE) technique on the basis of the formation of extractant-analyte mixed aggregates. In this study, different variables affecting efficiency of the extraction technique were optimised and recoveries from 91 to nearly 100% of QACs were obtained, pointing out that the formation of extractant-analyte mixed aggregates, using CPE, is a valuable strategy for the extraction of amphiphilic substances from solid matrices. The clean-up of the extracts is an important step in sample preparation when cationic surfactants are evaluated. An on-line clean-up step using polymeric reverse-phase cartridges [33] or a liquid-liquid extraction (LLE) followed by anion exchange purification of the extracts obtained by UAE using acidic methanol [34] have been reported to purify the extracts.
Determination
Analyses of this surfactant class were carried out by LC using C 8 or C 18 reverse-phase columns. LC-MS, LC-MS/MS or liquid chromatography-time of flightmass spectrometry (LC-ToF-MS) were used in these analyses, due to the complexity of compounds and samples, and the lack of a chromophoric group in most of cationic surfactants. Merino et al. [31] and Ferrer and Furlong [33] used LC-MS for the analysis of QACs in sludge and benzalkonium chlorides (BACs) in sediments, respectively. The high concentrations of BACs homologues detected in sediment [33] , from 22 to 206 ng g -1 , reflect their high affinity for solids and they preferentially concentrate in sediment rather than in water. used LC-MS/MS for the analysis of 12 QACs in sediment and sludge samples with high sensitivity, as illustrated by the low LOQs obtained, which ranged from 0.6 to 3 ng g -1 in sediments and from 1 to 5 ng g -1 in sludge samples. The method developed by Li and Brownawell [34] for the analysis of QACs in sediments by LC-ToF-MS showed that the concentrations of QACs found in sewage-impacted estuarine sediments, up to 74000 ng g -1 , were higher than the concentration of other organic contaminants measured in the same or nearby samples. In this way, these authors accomplished the determination of these compounds in shallow sediments [58] and the evaluation of the occurrence of alkyltrimethylammonium compounds (ATMACs) in urban estuarine sediments [59] . In this study, behentrimonium was identified for the first time as a new emerging contaminant. Behentrimonium is a mixture dominated by a homologue having 22 carbon atoms in the alkyl chain of the alkyltrimethylammonium compound (ATMAC 22), which showed an exponential increase along the years due to its greater use as substitute of other ATMACs in some personal care products.
Flame retardants
Flame retardants (FRs) are chemicals added to polymers used in paints, textiles, plastics or electronics materials to inhibit or resist the spread of fire. Different classes of chemicals are used as flame retardants: inorganic compounds (borates and antimony oxides), organic phosphate esters (with or without halogens) and brominated and chlorinated organic compounds.
Environmental studies, conducted primarily in Europe, Japan and North America, indicate that these chemicals are ubiquitous in the environment and, therefore, their determination has become an increasing concern to scientists over the past decade. In this section, the current state of analytical methods for the determination of the most widely used organic FRs is reviewed.
Organophosphate flame retardants (OPFRs)
The most commonly used OPFRs are: tris(2-chloroethyl) phosphate (TCEP), tris(2-chloropropyl) phosphate (TCPP), tris (1,3-dichloro-2-propyl) Clean-up of the extracts obtained with these procedures is generally needed before the analytical determination. In this way, SPE using Oasis, silica or Oasis with alumina is often performed. Nevertheless, some authors [60, 64, 67 ] used size exclusion chromatography or gel permeation chromatography (GPC) to remove macromolecules prior to or after SPE with silica. Recently, a combination of hot Soxhlet and solid-phase microextraction (SPME) using extraction with toluene has been reported by Mihajlovic et al. [61] .
Determination
OPFRs can be analysed using either GC or LC (Table 2) . Detection in GC methods can be carried out through a nitrogen-phosphorous detector (NPD) or by GC-MS. Nevertheless, non appropriate selectivity of NPD detection and excessive fragmentation of OPFRs in electron impact (EI) MS, which complicates their confirmation and quantification due to the interference from matrix components at low masses, are some of the drawbacks of these techniques. The use of GC with inductively coupled plasma mass spectrometry (ICP-MS) has also been reported [65] . On the other hand, LC-MS/MS has been scarcely employed to determine these compounds in solid environmental matrices [62] . In general, higher LODs were obtained for sludge samples than for sediment and soil samples ( Table 2) .
The highest concentrations of OPFRs were found in sludge samples, being TCPP the dominant compound, although also a high level of this compound (1300 ng g -1 ) was found in sediment from Austria [62].
Brominated flame retardants (BFRs)
BFRs can be divided into the following groups: polybrominated diphenyl ethers (PBDEs), polybrominated biphenyls (PBBs), tetrabromobisphenol A (TBBPA) and hexabromocyclododecane (HBCD), and novel brominated flamed retardants (NBFRs).
Several review articles have been published by Eljarrat and Barceló [68] , and Kierkegaard et al. [74] on the determination and levels of BFRs in biotic and abiotic samples, which were taken as a starting point for the overview of the analytical methods used in the determination of BFRs in solid environmental samples.
PBDEs and PBBs
The three main PBDEs commercial products are penta-BDE, octa-BDE and deca-BDE. These commercial products consist of a mixture of several congeners with different levels of bromination on the phenyl rings. These compounds are persistent, bioaccumulative and toxic to organisms, and this is why commercial mixtures of penta-BDE and octa-BDE were banned in Europe and North America [75] . In addition, PBBs were banned in 1976 [76] and usage restriction of deca-BDE mixture was also initiated in European countries in 2008 [77] . Then, it is expected that the use of all them will decline in the next years. Nevertheless, as there is a stock of these PBDEs, and in minor amount of PBBs, from products in service and in waste, it is still necessary to monitor the environment for the presence of these BFRs. PBDEs have been the FRs most studied in environmental matrices whereas few works are lately available for PBBs. The procedures used for the determination of PBDEs and PBBs are similar for both types of FRs, which are often determined in the same analysis.
Sample preparation
Soxhlet and PLE have been the most used techniques to extract PBDEs and PBBs from environmental solid matrices, though other techniques such as UAE, MAE and SPME are also used (Table 3) . A mixture of hexane:acetone or dichloromethane:hexane, in proportion 1:1 or 3:1 v/v, are the solvents most often used in Soxhlet, whereas dichloromethane or a mixture of hexane:dichloromethane are the main solvents used in PLE.
The extraction by UAE of brominated compounds has shown good results [89, 98, 104] and UAE has been often used in combination with other techniques such as SBSE [92] , SPME [87] , hollow fibre-liquid phase microextraction (HF-LPME) [93] and matrix solid phase dispersion (MSPD) [106] . Nevertheless, sonication was reported to produce low recoveries of deca-BDE in a comparative study between extraction methods, using standard reference materials of sediment [112] . In this way, Wang et al. [113] obtained low recoveries of PBDEs using MAE in comparison to PLE or Soxhlet, suggesting an inappropriate optimisation of the MAE method. Less common extraction methods have been reported, like CPE, proposed by Fontana et al. [78] with the aim of avoiding the use of organic solvents and a modified QuEChERS reported by Andrade et al. [108] .
Removal of sulphur and organic matter are generally necessary to improve the determination of analytes. Treatments with Cu powder, silica modified with Al 2 O 3 or GPC are the procedures often used to remove sulphur [83, 94, 106, 109] . Treatment with sulphuric acid of the Ref.
extract dissolved in hexane is a usual procedure to remove organic matter, because PBB and PBDEs are stable in acidic conditions [86, 91, 99] . A clean-up to avoid interferences with other compounds during the determination is generally performed using silica gel, alumina or Florisil, though some authors also used GPC [81, 85, 97, 100, 109, 111] . It must be mentioned that high brominated BDEs, such as BDE-209, are degraded at high temperature, are photosensitive and may bind strongly to surfaces, including laboratory materials; then, special attention is required in the extraction procedure from solid environmental samples.
Determination
GC-MS operating in negative chemical ionisation (NCI) or in EI mode are the analytical methods mostly used in the determination of PBDEs and PBBs (Table 3) . Low resolution mass spectrometry (LRMS) works in these two modes, while high resolution mass spectrometry (HRMS) is used almost exclusively in EI mode. HRMS is the most selective technique for PBDEs, because its high resolution avoids the interference of coelutants, but it is more expensive that LRMS.
GC equipped with electron capture detector (ECD) has been also employed [95, 100] , though it is less selective because the identification is based on the retention time and the risk of interference by other halogenated co-eluted compounds is high. GC-ICP-MS was employed by Swarthout et al. [114] to determine 28 PBDEs in sediment samples, demonstrating a better sensitivity and lower LODs as compared to GC-NCI-MS (0.2 to 0.3 pg versus 1.5 to 24.3 pg).
In addition, a careful choice of injector, column, gas pressure, ion source and analyser temperature is necessary. In the case of high brominated PBDEs, as BDE-209, which is very sensible to thermal degradation, the residence time at high temperatures in the column and injector should be minimised [72, 106] .
With the restrictive legislation on BFRs, it is expected that a decline of their levels in environmental samples would arise with time. Nevertheless, high levels of DBE-209 have been recently found (Tables 3 and 5) , being important to better identify and quantify contamination sources in relation with the BDE-209 levels found in the environment.
HBCD and TBBPA
HBCD is primarily applied for thermal insulation in the production of expanded and extruded polystyrene in buildings and upholstery textiles. The technical HBCD contains a mixture of three chiral diastereoisomers, α,
Sediment (4)
Di-decaBDEs (20 There is scarce literature about TBBPA in environment solid samples, probably due to the low concentration values found in these matrices, although the production of TBBPA ranks first in Europe among BFRs, followed by HBCD. TBBPA is primarily used as reactive FR in printed circuit boards, but is also used as additive FR in several types of polymers.
HBCD and TBBPA are highly lipophilic, being TBBPA more polar than HBCD. HBCD has been reported to cause neurobehavioural alteration, whereas TBBPA has thyroid hormonal and estrogenic activities. HBCD and TBBPA are often determined together in solid environmental samples, and the methods used are summarised in Table 4. In adition, tetrachlorobisphenol A (TCBPA) is also used as a FR, but in a lesser extent than HBCD and TBBPA, and is usually determined with TBBPA [118, 121, 122] 
Sample preparation
Soxhlet and UAE are the techniques most widely applied for the extraction of TBBPA and/or HBCDs in soil, sediment and sludge samples. Shaking, PLE, MAE and MSPD have been successfully applied to sediment and, in some cases, to sludge samples [117, 118, 123, 125, 126, 131] . Solvents used are of medium polarity or non polar-highly polar mixtures (Table 4) . Mixtures of acetone:hexane are often used in Soxhlet extraction [124, 128, 130, 134] , whereas only dichloromethane or mixtures of dichloromethane with methanol, hexane or acetonitrile have been often employed in UAE and PLE procedures [123, 125, 127, 131, 132] . Dichloromethane is used to permit the solvation of target analytes, whereas methanol or acetonitrile allows the rupture of the analyte-matrix union. Clean-up has been generally performed by SPE, using C 18 , Florisil, acidic alumina or silica [118, 119, [121] [122] [123] [124] [125] [126] [128] [129] [130] [131] [132] 134] .
Determination
As HBCD congeners are thermally labile, the high injector and oven temperatures required for GC analysis cause interconversion among isomers and even analyte degradation, then GC can not be used for the individual determination of HBCD isomers, being LC the best option for isomers determination. Nevertheless, GC analysis can be carried out for the total determination of HBCD, avoiding large residence times in column, protecting analytes from metal surfaces in the split injector and keeping injector temperature as low as possible [129, 135] .
For GC analysis of TBBPA derivatisation is necessary [119, 122] , whereas LC analyses do not require derivatisation and similar LODs are obtained. Then, the use of LC is more appropriate to quantify either HBCDs or TBBPA (Table 4) .
ESI and atmospheric pressure chemical ionisation (APCI) sources are used with triple quadrupole instruments, APCI having 2-5 times higher signal to noise ratio (S/N) than ESI for HBCDs, whereas it is one half for TBBPA [133] . On the other hand, the sensitivity for α-HBCD is higher in a quadropole MS than in an ion trap (IT)-MS, and the contrary occurs when γ-HBCD is analysed. To increase sensitivity, additives to the mobile phase are often used. In general, the use of ammonium acetate enhances the response of HBCD and TBBPA [121] . CE has been also applied in the determination of TBBPA [118] . Ross and Wong [136] suggested that the use of anion attachment atmospheric pressure photoionisation (AA-APPI), for the analysis of HBCD enantiomers in sediment samples, offers minimal matrix effect, more sensitivity and lower LODs than a APPI source in the analysis by LC-MS.
γ-HBCD is the isomer most widely found in solid environmental samples, whereas β-HBCD is not found or found at very low levels [123, 125, 127, 128, 130, 132, 133] . Soil is the matrix with lower reported levels either for HBCDs or TBBPA, whereas high levels can be found in sludge and sediments [117, 123, 132] . In general, low levels of HBCD have been found in soil and sediment samples (<10 ng g -1 ), but when samples are near a downstream of urban or industrial areas levels of HBCD can be higher than those of PBDEs [80, 100, 102] .
Novel brominated flame retardants (NBFRs)
A number of NBFRs have been introduced as replacement of banned BFRs. In this section, the major NBFRs determined in solid environmental sample are described (Table 5) . Decabromodiphenyl ethane (DBDPE or deBDethane), the compound most studied in these samples, is used as an alternative to deca-BDE, due to its similar physicochemical properties, though it is slightly more hydrophobic and less sensitive to thermal degradation than deca-BDE. Moreover, 1,2-bis(2,4,6-tribromophenoxy)ethane (BTBPE) was introduced as an alternative to the banned octa-BDE. On the other hand, TBBPA derivatives are other NBFRs very hydrophobic, which are preferably adsorbed to solid particles in the environment. Among them, tetrabromobisphenol Kierkegaard et al. [137] were the first in reporting the presence of DBDPE in sludge and sediment samples, although this compound was introduced in the early 1990s. They used a shaking method with toluene:acetone as extraction solvent, with a subsequent solvent change to trimethylpentane. In addition, a treatment with tetrabutyl ammonium-sulfite was carried out to remove sulphur, followed by a treatment with sulphuric acid and a further clean-up on activated silica gel. Shaking was also employed by Ilyas et al. [138] to extract DBDPE, but using acetone:hexane as extraction solvent. Other sample preparation methods used to extract DBDPE from solid environmental samples were Soxhlet, using acetone:hexane mixtures [139] [140] [141] and PLE with hexane, dichloromethane, hexane:dichloromethane or hexane:acetone (Table 5) . Köppen et al. [146] compared Soxhlet, UAE, PLE and fluidised bed extraction methods for TBBPA-dbpe analysis in sediment and sludge samples. They reported that PLE and fluidised bed extraction were superior to Soxhlet and sonication, affording the best recoveries (90-98%) with the lowest relative standard deviations. No clean-up was necessary and only a filtration of the diluted extract was carried out. Shi et al. [141] also analysed TBBPA-dbpe in sediment and sludge, obtaining recoveries from 88 to 105% when Soxhlet extraction with hexane:acetone, followed of a clean-up in silica/alumina column, was used.
In general, PLE was the preferred method of extraction for NBFRs in environmental samples, using dichloromethane, hexane, mixtures of them or hexane:acetone mixtures. Sulphur was removed by using activated copper, a combination of GPC with acid copper or tetrabutylammonium, though this latter compound, as indicated for deca-BDE, causes debromination of DBPE in solvent standards but in real samples this debromination is less pronounced by the protective effect of the matrix [74] . Sulphuric acid directly or via impregnation in silica was used to remove organic matter and diluted KOH in ethanol to remove fat (Table 4) . Nevertheless, López et al. [147] assessed the effect of the acidic treatment in the degradation of some NBFRs and reported that TBPhA, TDBPP and BTBPE were degraded, whereas DBDPE, PBCCH, pTBX, TBoCT and PBT resisted the acidic treatment, therefore, GPC was used instead to remove lipids and organic matter.
A clean-up with silica, silica/alumina, GPC, Oasis HLB, aminopropyl gel with acid silica or a multilayer silica gel were other procedures used to eliminate interferences before the chromatographic determination of NBFRs (Table 5) .
Determination
NBFRs are mainly determined by GC-MS with electron capture negative ionisation (ECNI) as ionisation mode, due to its higher sensitivity and selectivity to bromide than EI. Nevertheless, LC-MS/MS or LC-DAD are the techniques generally used to quantify TBC and TBPAdbpe.
DBDPE was analysed by high resolution gas chromatography (HRGC) and quantified by LRMS with ECNI in sludge and sediment samples for the first time [137]. Afterwards, Konstantinov et al. [139] reported in 2006, the characterisation of labelled DBDPE and its use as surrogate standard to positively identify and quantify DBDPE. Like BDE-209, BDPE is very sensitive to high temperatures or to the adsorption on some parts of the injection port in a GC system, being these effects more important when the sample extract is not cleaned enough; therefore, López et al. [147] recommended an extra clean-up with deactivated silica after SPE on Oasis HLB. TBC was determined in sediment samples by LC-MS/MS and both APCI and ESI sources provided almost the same sensitivity in negative ion mode, according to the results reported by Feng et al. [131] and Ruan et al. [142] .
DBDPE is the NBFR found at higher concentrations in environmental solid samples, with levels similar to deca-BDE, being this contamination originated primarily via atmospheric transport [144, 148, 149] .
Dechloranes
Nowadays, the most relevant chlorinated FRs are dechloranes, synthesised through a Diels-Alder addition of one or two molecules of hexachlorocyclopentadiene to an unsaturated compound. Among them, Dechlorane Plus (DP, a mix of anti and syn isomers in a ratio 1:3, mainly) is the most used, although others like Dechlorane 602 (Dec-602), Dechlorane 603 (Dec-603) and Dechlorane 604 (Dec-604) are also used. Major applications of dechloranes are the use as additives in industrial polymers employed for coating electrical wires and cables, for connectors used in computers, and for roofing material. All of them are substitutes of the banned Mirex.
Due to the highly halogenated nature and high Kow values of these compounds, they are resistant to degradation and have a high potential to accumulate in the environment. Despite the long production history of these compounds, they received little attention until recently, when Hoh et al. [150] found DP in sediment, and in 2010 Dec-602, -603 and -604 were reported by Shen et al. [151] in sediment.
Sample preparation
Soxhlet and PLE have been the extraction techniques mainly employed in the analysis of dechloranes using dichloromethane, toluene, or mixtures of hexane:acetone and hexane:dichloromethane as extraction solvents (Table 6 ). In addition, an extract treatment with acid or GPC have been generally employed to remove lipids from the solid sample, nevertheless precaution has to be taken with the acid treatment because DP monoadducts can be degraded. These compounds are also susceptible to light, then, protection of samples from UV-light during analysis must be taken into account.
Moreover, silica, alumina or a combination of adsorbents, like silica, alumina, and Amoco PX21 carbon/silica (Table 6 ) have been used in the clean-up procedures.
Determination
GC operating in the ECNI mode has been the most common technique used for the detection and quantification of dechloranes. Some authors used EI conditions, but this ionisation mode is not very appropriate because of the low intensity of the molecular ion obtained, due to retro Diels-Alder fragmentation, forming a most intense ion that is common to the mass spectra of numerous organohalogen compounds. Dechlorination of DP in the injection port liners can occur and this should be monitored using the corresponding dechlorinated ion in ECNI [154] . It is difficult to monitor these ions in EI because of their low intensity.
LC-MS/MS using APPI as ionisation source has been reported for this group of compounds, requiring only 5 min for their chromatographic separation and obtaining good LOQs [159] .
DP has been detected a high levels in sediment samples from Lake Ontario near manufacture plants [153, 154] . The average syn isomer abundance is lower in environmental samples than in DP commercial formulations, indicating a stereoselective enrichment of anti-DP in the environment [154] and suggesting a higher persistence of the anti isomer [153] . Low levels of DP have been found in soil, even in industrial areas, Ref.
but DP concentration found in e-waste recycling areas in China was 3327 ng g -1 [156] . Dec-603 has been detected in technical pesticides such as aldrin and dieldrin, being the levels found in sediment consistent with the usage of these pesticides in the past. Similarly, DP was detected in chlordane and chlordene technical products, and was found in higher amounts in sediments near urban areas where probably these insecticides were used [152] .
Pharmaceuticals
Human and veterinary pharmaceuticals are chemical compounds widely used to treat or prevent diseases. There are over 4000 molecules and over 10,000 products, which are mainly soluble in water [161] . Pharmaceutical drugs can be divided in two main categories: steroidal and non-steroidal pharmaceutical substances. Estrogens, progestrogens, estrogen antagonists, androgens and phytoestrogens are the main steroidal pharmaceutical drugs. In the case of nonsteroidal pharmaceutics, the predominant therapeutic classes are: antibiotics, analgesic/anti-inflammatory, lipo-regulators, beta-blockers, anti-epileptics and antidepressants, among others. Most pharmaceutical drugs are designed to be hydrosoluble and biodegradable, however, many compounds have high log Kow and, therefore, present a high affinity to sludge or soil. The presence of pharmaceuticals in soil may be explained by the spreading of sludge or manure to fertilise agricultural soils. The interest in the occurrence of pharmaceuticals in the terrestrial environment has considerably increased taking into account the scientific literature now available [162] [163] [164] [165] [166] . The analysis of pharmaceuticals in soil, sludge and sediment reviewed here has been divided in three categories: antibiotics, non-steroidal pharmaceutical drugs and estrogens. 
Antibiotics
Antibiotics are natural or synthetic drugs with antimicrobial activity. The main antibiotics for both human and veterinary use are: β-lactams, quinolones (QNs), fluoroquinolones (FQs), macrolides (MLs), tetracyclines (TCs), sulphonamides (SAs), amphenicols, glycopeptides, and polyether ionophores. Among these, TCs, SAs, QNs and MLs, due to their higher stability, are the antibiotics usually determined in solid environmental samples. In the case of sediments, one source of contamination by antibiotics is their application in aquiculture farms to treat diseases of farmed fish.
Sample preparation
The extraction of antibiotics from sludge, soil or sediment requires the application of powerful extraction conditions to isolate the analytes, as some of these compounds are firmly bound to the matrix. Thus, UAE, PLE and MAE are the extraction techniques most commonly applied for the extraction of antibiotics from solid environmental samples as shown in Table 7 . Nevertheless, mechanical shaking has been also used with sediment samples to extract various polyether ionophores [170] and antibiotics belonging to different classes [169] . The extraction solvents employed are usually mixtures of buffer solutions and organic solvents such as acetonitrile, methanol or acetone. TCs tend to form chelate complexes with metals ions and β-diketones and are strongly sorbed to soil. In order to improve the isolation of this kind of antibiotics from soil samples, ethylenediaminetetraacetic acid (EDTA) and McIlvaine buffer solutions are employed as chelating agents. McIlvaine buffer is a mixture of citric acid and Na 2 HPO 4 that has been successfully used in the determination of antibiotics in food. FQs are zwitterionic compounds that present a high chemical stability and are insensible to hydrolysis but photodegradable. FQs are strongly sorbed to soil, in particular to clay minerals via cation bridging. The extraction of these compounds improves when it is carried out at acidic pHs [177, 182] . At low pHs, both FQs and sludge surface are protonated and, therefore, electrostatically repulsed favouring the extraction [182] . Furthermore, at very high or low pHs FQs present a higher water solubility that enhances the extraction efficiency. On the other hand, MLs present basic characteristics and ionophore polyethers are neutral compounds, therefore to improve the extraction efficiency higher pHs are required [169, 170] . Microwave assisted micellar extraction (MAME), which uses micellar systems instead of organic solvents as extractants, is another technique applied for the extraction of seven SAs in soil, using Triton X-114 as surfactant [185] . The increase of surfactant concentration leads to the formation of micelles capable of solubilising some compounds that when heated above the cloud-point temperature in the microwave system, two separate phases are formed, an aqueous phase and a small surfactant-rich phase which provides a high enrichment factor. Once the extracts are obtained, the clean-up can be carried out by SPE using C 18 [177, 178] or predominantly Oasis HLB cartridges that due to its hydrophilic-lypophilic balance allow the purification of compounds with a wide range of polarity. Methanol is the main solvent used in the elution of these cartridges. It has been reported that TCs tend to bind to silanolic groups, so in order to avoid losses in C 18 cartridges, a methanolic oxalic acid solution was used in the elution [177] . Some authors use two different cartridges in tandem, strong anion exchange (SAX) and Oasis HLB [168, 179, 183] or C 18 [176] . The SAX cartridge is used to remove natural organic matter whereas the C 18 or HLB cartridge retains the analytes. The extract is usually acidified to ensure that analytes are positively charged or in their neutral form and, therefore, not retained in the SAX cartridge. New polymeric phases, such as polystyrene-divynilbenzene, have been also applied for the clean-up of biosolid extracts [171] . Turiel et al. [173] synthesised a MIP using ciprofloxacin as template for the clean-up of FQs in soil extracts in which antibiotic-Mg (II) complexes were formed. Golet et al.
[182] used a mixed-phase cation (MPC) exchange disk cartridge for the clean-up of two FQs, ciprofloxacin and norfloxacin, extracted from sludge or sludge treated soil samples. The MPC cartridge consists of nonpolar octyl and benzenesulphonate phases, combining hydrophobic and strong cation exchange properties, respectively, which increases the method specificity [186] . Although SPE is the main technique used, a clean-up by LLE with n-hexane [177] or sodium hydroxide [184] was applied for the determination of QNs in soil and sediment.
Determination
The analysis of antibiotics is performed by LC because they present a high polarity and are thermally labile. LC-MS/MS is the analytical tool most used due to its high selectivity and sensitivity that allows distinguishing individual compounds. Most of the methods presented in Table 7 carried out the determination using MS/MS as detection system. FL has been also used mainly for QNs because most of them show certain native fluorescence [168, 176, 184] . Blackwell et al. [179] used FL instead of UV for the determination of sulfachloropyridazine, a sulphonamide antibiotic, after derivatisation with fluorescamine, because they observed a small coeluting peak in some soil samples that could hinder the detection of this compound, especially at low concentration levels. Antibiotics have also been determined using Analysis of emerging organic contaminants in environmental solid samples UV detection although it is not selective or specific.
In the case of tobramycin, in order to enhance the chromatographic response, it was derivatised with 4-chloro-3,5-dinitrobenzotrifluoride before its LC-UV analysis [178] . The presence of matrix components has a significant effect on the chromatographic response of these analytes with signal suppression or enhancement, particularly when ESI is used as ionisation source. These effects can be more remarked when MS/MS is applied since the clean-up of extracts is not so thorough because the technique is very selective [171].
Non-steroidal pharmaceutical drugs
The determination of pharmaceuticals is commonly performed together with personal care products since both are consumed on a daily basis by the general public and released into the municipal sewage system. The trend is to analyse as many compounds as possible at once, that is, to develop multiresidue methods. As mentioned above, there are several types of nonsteroidal drugs based on their therapeutic classes, among which anti-inflammatory/analgesics, lipid regulators, antiepileptics, beta-blockers and antidepressants are the pharmaceuticals most studied in the terrestrial environment. Table 8 gives an overview of the analytical methods developed for the determination of these types of drugs in soil, sediments, and sludge.
Sample preparation
The extraction of pharmaceuticals other than antibiotics from soil, sediment or sludge has been, in general, carried out with the assistance of radiation. Among the extraction techniques available, UAE is one of the most used due to its advantages, such as cost, ease of use, and availability (Table 8) . Different solvents or mixtures have been selected for the UAE of pharmaceuticals, but in general, due to the polarity of these compounds, solvents such as methanol, acetone or acetonitrile have been used. Successive UAE with methanol and acetone were carried out for the extraction of pharmaceuticals from sludge and sediments [191, 192] . As it was indicated above, EDTA used as chelating agent improves the recovery of antibiotics from soil, however when it was used in the extraction of antifungal azoles from sludge no improvement was observed [189] . A possible explanation is that azole compounds, due to their lipophilic character, tend to be adsorbed onto sludge through hydrophobic interactions rather than by ion exchange or surface complexation, therefore chelate formation with EDTA does not improve the recovery. The extraction is usually carried out at acidic pH due to the acidic characteristics of many of the pharmaceuticals, as for example antiinflammatory drugs like ibuprofen, ketoprofen, naproxen and diclofenac, which are a group of compounds that are searched for in different environmental matrices. samples. This technique provides a fast extraction of the analytes with a low consumption of solvents. In general, the extraction is carried out with methanol [199] , water [206, 207] , or mixtures of water with an organic solvent, such as acetonitrile [196, 204, 205] , acetone [198] or methanol [201] [202] [203] . Temperature is one of the parameters that have more effect on the extraction efficiency besides the extraction solvent. The extraction is commonly carried out at temperatures ranging from 80ºC to 100ºC because, at higher temperatures thermal degradation can occur and more interferences can be coextracted. Nevertheless, Edwards et al. [198] studied the determination in biosolids of 9 pharmaceutical drugs belonging to different therapeutic classes together with two antibacterial personal care products performing five different PLE methods and the working temperatures ranged from 25ºC for sulphamethoxazole to 90ºC for the acidic drugs. In another study, where water was used as extraction solvent, temperatures from 80ºC to 120ºC were evaluated and the best results were achieved at 120ºC for four anti-inflammatory drugs [206] . The effect of pH was also evaluated, using a solution of phosphoric acid at pH 2 and a 0.01M NaOH solution. The analytes were completely extracted using a 0.01M NaOH solution because, at this pH, these acidic drugs are deprotonated and are more soluble in aqueous solutions. Although UAE and PLE are the most commonly employed extraction techniques for the determination of pharmaceuticals in environmental solid samples, MAE has been also used. Nowadays, the trend is to develop analytical methods environmentally friendlier, the so called green chemistry. In this way, MAE using water as extractant was recently applied for the determination of four acidic anti-inflammatory drugs (ibuprofen, naproxen, ketoprofen, and diclofenac) in sludge [209] and sediments [210] . The use of water as solvent, reported also for PLE analyses, reduced the extraction of interfering compounds and, hence, lower matrix effects were observed. MAME is an alternative to MAE, in which a surfactant is added to water. applied MAME to the analysis of a selected group of eight pharmaceutical compounds in sediment using a nonionic surfactant, polyoxyethylene 10 lauryl ether. Several parameters were optimised in the MAME procedure (such as microwave conditions and surfactant volume and concentration) using a factorial design. HF-LPME, a miniaturised procedure that is generally carried out with liquid matrices, was applied for the simultaneous extraction and clean-up of four anti-inflammatory drugs from sludge [212] that was based on a previous work that monitored the same pharmaceuticals in sewage treatment plant effluents [214] . A three phase HF-LPME was performed, thus, analytes were extracted from an aqueous solution of sludge through an organic solvent, dihexylether to the acceptor phase (0.1 M ammonium carbonate) at pH 9. The pH of the acceptor phase is above the pk a , so the analytes are deprotonated avoiding their diffusion through the membrane and, as a result, the enrichment of the acceptor phase is produced. This acceptor phase was directly analysed by LC without the need of a subsequent clean-up step.
It is usually necessary the purification of the obtained extracts, especially after applying energy to isolate bound analytes from solid environmental matrices. As in the case of antibiotics, SPE is the main clean-up procedure employed, using predominantly HLB cartridges, as it can be observed in Table 8 [ 188, 189, 191, [195] [196] [197] 202] . Other sorbents as C 18 [175, 192, 193] or silica [174, 208] have also been used but not as frequently as HLB. In the determination of pharmaceuticals in dewatered municipal biosolids applied to an agricultural field, Oasis HLB was used for all the analytes except for the betablocker atenolol, where an Oasis MCX cartridge was employed [198] . This sorbent combines the benefits of the HLB sorbent with cation exchange, due to the presence of strong sulphonic groups, and it was also used in the determination of acidic pharmaceuticals in sediments [175] and in activated and digested sludge [192] . Although the clean-up is, in general, carried out using one cartridge, some authors have performed two successive clean-up steps using SPE cartridges with different functionality. In this way, Minten et al. [187] first used an Evolute ABN column and an Oasis HLB afterwards. The first column was used to remove matrix constituents that could compete for the adsorption sites of the Oasis cartridge and, as a result, higher extraction yields were obtained. Other authors stacked two cartridges and performed a clean-up in tandem. The cartridge in top usually contains a strong anion exchange sorbent [200, 207] to absorb anionic fulvic and humic acids reducing the presence of matrix interferences. The extract was adjusted to pH 7 before clean-up so the analytes were in their neutral or cationic form and not retained in the anion exchange cartridge.
A new purification procedure applying a modified dispersive solid phase extraction followed by a conventional SPE technique was carried out for the analysis of acidic pharmaceuticals in river sediment [210] and sludge [209] . The extract obtained by MAE was shaken for 10 min with neutral alumina (sorbent) and aluminium sulphate (electrolyte). Afterwards, the mixture was filtered or centrifuged before loading an Oasis HLB cartridge that was consequently washed with distilled water to remove the electrolytes before eluting with an organic solvent. HF-LPME, as clean-up procedure, was applied to sludge extracts obtained by PLE [200] using the same acceptor and organic phases as those reported by Sagrista et al. [212] .
Determination
LC is the technique chosen for the analysis of the target pharmaceuticals, due to their high polarity, solubility in water and thermolability. UV and FL detection have been used in lesser extent since the implementation of LC-MS and LC-MS/MS, which has gained in popularity due to its versatility, selectivity and specificity. ESI is the ionisation source most commonly used in LC-MS/MS, working in positive mode when neutral and basic compounds are analysed and in negative mode for acidic drugs (Table 8) . APCI in the negative mode has been also applied in the determination of acidic pharmaceuticals [175, 192] . Although LC-MS/MS is a very selective tool and, thus, an exhaustive clean-up would not be necessary, the presence of matrix components has important effects in the quantitative determination of target compounds. To overcome these effects, the best option is to use isotopically labelled analytes as internal standards [215] and when there are no labelled standards available, the standard addition methods should be applied.
Although pharmaceuticals are usually determined by LC, due to the polarity of these compounds, GC has been also applied but a derivatisation step previous to the analysis is required to improve their thermal stability. Silylation is the reaction usually carried out to obtain trimethylsilyl derivatives. Among the different reagents, BSTFA [208] and N-(terbutyldimethylsilyl)-N-methyl trifluoroacetamide (MTBSTFA) [193, 197] are usually employed. Hexamethyldisilazane catalysed by trifluoracetic acid and combined with pyridine containing hydroxylamine hydrochloride provided a cost-effective and quantitative silylation of the active proton functional groups of four anti-inflammatory drugs [209, 210] . When carbamazepine was derivatised, a partial degradation was observed as two peaks, the parent compound and iminostilbene were detected [197] . The degradation product was observed when standards were injected, whereas in soil extracts the degradation product did not appear because the matrix components acted protecting the analyte from its degradation in the injection port.
Estrogens
Estrogens are a group of steroid hormones that act as endocrine disruptors [216] . Estrogenic compounds, of natural and synthetic origin, are excreted in conjugated forms, but are subsequently transformed into their corresponding free steroids, which are the main compounds causing environmental concern. Natural hormones such as 17β-estradiol and estrone are derived from excreta of humans and livestock, and 16α-hydroxyestrone from the hepatic metabolism of the natural estrone. Estrogens have moderate to high hydrophobicity and, as a consequence, sorption to bed sediment and sludge could be a cumulative process.
Sample preparation
Different conventional extraction methods, summarised in Table 9 , such as shaking [217, 218] and UAE [193, [219] [220] [221] have been reported for the analysis of estrogens in solid matrices. In these conventional methods, the extraction step is mostly performed with acetone mixed with hexane or ethyl acetate. It is important to underline that extraction of estrogens from sediment and sludge is performed with polar solvents that coextract many interferences, then a purification step is required. In most cases, this purification is carried out with SPE C 18 cartridges and elution with acetonitrile or ethyl acetate. Termes et al. [221] reported the purification of sludge and sediment extracts, based on GPC and silica gel clean-up, for removal of matrix components with high molecular masses.
Few studies have used PLE to extract estrogens from solid samples. Nieto et al. [222] developed a method for the simultaneous extraction of natural and synthetic estrogens and their conjugates in sludge. The PLE conditions were the following: extracting solvents methanol:acetone (1:1, v/v) and water (pH 7):methanol (1:1, v/v); extraction temperature 75ºC; a preheating period of 5 min and 4 cycles. Fernandez et al. [223] analysed different sludge samples from Barcelona, Spain. The sludge was extracted using PLE with Florisil and methanol:dichloromethane (3:7, v/v) at 75ºC. A post-extraction clean-up of the extracts was carried out with 5% deactivated Florisil and elution with dichloromethane:acetone (7:3,v/v). Few works have been reported on the MAE of estrogens from solid matrices. Liu et al. [224] developed a MAE technique for the simultaneous detection of 17β-estradiol, estrone, 17α-ethynylestradiol and 16α-hydroxyestrone, among other compounds, from river sediment samples. The effect of various parameters on the extraction efficiency of MAE was investigated. The most efficient extraction was achieved using methanol as solvent, an extraction temperature of 110ºC and 15 min of holding time. The clean-up of extracts was carried out with a non-deactivated silica gel column and elution using ethyl acetate:hexane (4:6,v/v). The extraction efficiency of MAE was similar to that obtained with UAE. However, the advantages of MAE included a low solvent consumption (25 mL) and a short extraction time (15 min). Hibberd et al. [49] developed an analytical method for the determination of estrogens from sediments samples by MAE using methanol as extracting solvent. The clean-up step was carried out with water and the aqueous solution was then extracted with an SPE Oasis HLB cartridge. studied the application of focused microwave-assisted Soxhlet extraction (FMASE) to the determination of compounds with different polarity, estrogens among them, in marine sediments. A sequential extraction with dichloromethane and water was performed. This method was compared with conventional Soxhlet extraction using water as extractant for 12 h, which was less efficient than the proposed FMASE method. The efficiency obtained with dichloromethane was similar for both methods, although differences in time of extraction were important (25 min vs 12 h). Labadie and Hill [226] developed a method for the determination of estrone, 17β-stradiol and the synthetic estrogen17α-ethynylestradiol in river sediments by MAE-SPE Strata cartridge clean-up and Matejicek et al. [227] developed a sensitive method for the simultaneous determination of estrogens and their sulphate, glucuronide and acetate conjugates in river sediments using MAE followed by a clean-up step through ion-exchange SPE on Oasis WAX. Comparing Soxhlet extraction with MAE, the latter has been found to be more suitable with shorter extraction times.
Determination
Although estrogens are polar compounds and then LC would be the preferred technique, their determination by GC is frequently accomplished. In most cases, derivatisation of estrogens is needed to improve peak shape and provide adequate sensibility. Derivatisation was usually done via acetylation with heptafluorobutyric acid (HFBA) [218] or silylation with BSTFA or MTBSTFA [193, 224] . Acetylation with HFBA is a good derivatisation technique for steroid hormones, which yields highly informative fragment ions that allow definitive identification and quantification of analytes. MTBSTFA is also a good derivatisation reagent because of the great thermal and hydrolytic stability of the tertbutyldimethyl silyl derivatives. Table 9 summarises the agents that can be used to derivatise extracts prior to GC-MS or GC-MS/MS analysis.
GC-MS/MS is a determination technique with LODs in the low pg g -1 range. However, because of the high polarity of some members of this group and poor derivatisation efficiency that hinders GC analysis, LC-MS methods have been developed. Labadie et al. [226] compared the performances of LC-ToF-MS and LC-MS/MS for the determination of estrogens in sediments. LC-MS/MS was approximately 13 times more sensitive than LC-ToF-MS with LODs ranging from 15 to 40 pg g -1 . Hajkova et al.
[219] published a GC-MS method for the analysis of 5 estrogens in river sediments without derivatisation. Considering a high probability of signal suppression, they tested different GC and MS systems: GC-MS, low pressure GC-MS, GC-ToF-MS and GCxGC-ToF-MS. The combination of highly sophisticated instrumentation methods achieved LODs between 0.4 and 12 ng g -1 for GC-ToF-MS. Time of flight (ToF) instruments offer a resolving power superior to quadrupole and IT detectors by minimising matrix interferences and increasing S/N. Nevertheless, LC-MS/MS provides good sensitivity and selectivity and seems to be the preferred analytical technique for the determination of estrogens. Deuterated and labelled standards are commercially available for most estrogens to be used as recovery and internal standards.
Personal care products
Personal care products (PCPs) constitute a group of emerging contaminants, which have received considerable attention in recent years. PCPs are regarded as being potentially hazardous compounds as many of them are ubiquitous and persistent and due to their continuous introduction might cause unwanted effects in the environment. The main PCPs considered in this review are: UV filters, preservatives, disinfectants and musk fragrances. Sludge is an extremely complex matrix that requires an adequate sample preparation. The first method for sludge was proposed by Plagellat et al. [231] .
For the isolation of the target UV filters, fresh sludge (60 g) was mixed with NaCl and then three consecutive extractions by mechanical shaking with mixtures of pentane:ethyl acetate (1:1, v/v), pentane:diethyl ether (1:1, v/v) and diethyl ether:chloromethane (4:1, v/v) were done. The combined extracts were concentrated to dryness and cleaned up by column purification with activated silica. This technique is time consuming and with a solvent consumption above 200 mL per sample. The use of automated modern technologies, such as PLE, for the analysis of UV filters in solid matrices has been proven as an efficient way to overcome those drawbacks. Rodil et al. [232] applied PLE for extracting UV filters from sediments. Extraction was performed with ethyl acetate:hexane (80:20, v/v), followed by the derivatisation of analytes. An interesting alternative was presented by Rodil et al. [233] for sludge and sediment samples using pressurised membrane-assisted liquid extraction. A non-porous low-density membrane bag was used and filled with 0.5 g of sample and 1 mL of extraction solvent. Subsequently, the membrane bags were extracted under pressure at elevated temperature and, due to the membrane, extraction and some cleanup were combined in a single step. In a recent investigation by Negreira et al. [234] , PLE was applied with success to extract eight UV filter compounds, belonging to different chemical classes in freeze-dried sludge samples. Hexane:dichloromethane (80:20, v/v) was used as the extraction solvent at 75ºC. GCB and primary secondary amine (PSA) bonded silica sorbents were used on line for removing interferences. Another PLE method was developed for the determination in sludge of UV filters and some degradation products and derivatives with different polarities [235] . The conditions were as follows: 1 g of sludge was mixed in the extraction cells with aluminium oxide and two static cycles using methanol as extraction solvent followed by two static cycles using methanol:water (1:1, v/v) were done at 100ºC. Methods used for the analysis of UV filters in environmental solid samples are summarised in Table 10 .
Determination
Because of the high polarity of UV filters, derivatisation of these analytes is necessary to increase their GC response. Many factors as reaction time, derivatising reagent and temperature affect the derivatisation. N-methyl-N-(trimethylsilyl) trifluoroethyl acetamide (MSTFA) [228] and BSTFA with 1% TMCS [230, 232] have been used to transform UV filters into their trimethylsilylethers (Table 10) .
A complete derivatisation of the hydroxyl group of benzophenones is achieved after silylation and they can be analysed by GC-MS in selected ion monitoring (SIM) mode with remarkable sensitivity. Common GC stationary phases, such as 5% phenylpolysiloxane, can be used for the separation of these compounds [228, 230] .
LC-DAD and LC-MS have also been employed, especially for polar and high molecular weight UV filters or mixtures of several classes of UV filters. Recently, the application of ultra performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS) for the analysis of UV filters and their derivatives in sludge was reported [235] . This technique offers improved performance for quantitative analysis with reduced analysis time and solvent consumption. LC-MS/MS presents an improvement over GC-MS since the derivatisation step is avoided. Reverse phases like C 8 and C 18 are most commonly used in the separation of UV filters.
Internal recovery standards were not used in the majority of the papers reviewed, due to the lack of isotopically labelled UV filters. Therefore, quantification with matrix-matched standards was used instead. In the last years, deuterated or labelled BPA has been used as surrogate standard for quantification, due to its similar physicochemical properties to UV filters [229, 230] . Good recoveries (60-125%) were obtained with the different methods employed, which showed good LODs as well (Table 10) . UV filters have been found in environmental solid samples in the low ng g -1 .
Preservatives: Parabens
Parabens are a group of alkyl esters of the p-hydroxybenzoic acid widely used as preservatives in pharmaceuticals and PCPs. These simple esters are very effective anti-microbial agents, showing an increase of anti-microbial activity with the length of the alkyl side chain from, methyl to butyl. Although their toxicity is relatively low, parabens possess endocrine disruption activity and, in the EU, their use in cosmetics is limited to a maximum concentration of 0.4% (w/w) for each compound and a total maximum concentration of 0.8% (w/w), expressed as p-hydroxybenzoic acid (EU cosmetic directive 76/768/EC) [237] . There are currently seven different types of parabens in use: methyl, ethyl, propyl, butyl, benzyl, isopropyl and isobutyl.
Sample preparation
There have been few methods published for parabens in environmental solid matrices. Parabens have been extracted from solid samples (soil and sediment) using sonication-assisted extraction in small columns (SAESC) with acetonitrile as extraction solvent [238] . Later, these authors used molecularly imprinted solidphase extraction (MISPE) for the determination of parabens in those matrices [239] . Samples were extracted by SAESC with ethyl acetate followed by MISPE as clean-up step, eluting the analytes with acetonitrile:methanol containing 2.5% acetic acid. PLE with two extraction cycles of methanol, followed by two cycles of water:methanol (1:1, v/v) was also used to extract these compounds from sludge [240] . 
Determination
Parabens have been analysed by LC with detectors such as DAD and UV, although the best option is LC-MS due to the low concentrations of these compounds in environmental samples. Recently, the first application of UPLC for residue analysis of parabens in sludge was reported [222] . The major benefit of this technique is the increased column efficiency that resulted in shorter analytical times and improved sensitivity and selectivity compared to conventional LC analyses. Recoveries were, in all cases, greater than 72%. The columns commonly used were C 8 and the lowest LODs were achieved with LC-MS/MS, followed by LC-MS. Concentration of methyl and propyl parabens in the range of 5 to 202 ng g -1 were found in sludge from Spain [222] .
Although LC methods dominate the analysis of parabens, a GC method was reported for the determination of parabens in soil samples [241] . Due to their polar nature, these compounds were derivatised before GC analysis to improve sensitivity and peak resolution by silylation with BSTFA containing 1% TMCS. The analytical methods developed for determination of parabens in solid matrices are summarised in Table 10 .
Desinfectants / antimicrobials: triclosan, triclocarban
Triclosan (TCS) and triclocarban (TCC) are broadspectrum bactericides used in consumer products that are disposed of down residential drains. A significant proportion of these compounds will be retained in sewage sludge produced in the WWTPs. These contaminants may enter the environment by spreading sludge on agricultural lands or through treated water effluents. They have been used for more than 40 years and their use as antimicrobial and antibacterial products is increasing worldwide. This widespread use, about 0.6-10 million kg year -1 [242] , is a cause for concern because of recent reports of incomplete TCS and TCC removal during wastewater treatment and their detection in surface waters together with a metabolite, methyl triclosan (methyl-TCS) and some chlorinated derivatives. (Table 11) . PLE with methanol [245] or acetone [246] was chosen for the extraction of TCS and TCC together with other contaminants, from soil after biosolids application, and analytes were isolated from coextracted compounds by a clean-up with an ABN SPE cartridge, which contains a polymer-based sorbent for the extraction of a broad range of acidic, neutral and basic compounds. Lozano et al. [247] reported the analysis of TCS in soil and biosolids using PLE with water:isopropanol (80:20, v/v) as extraction solvent and a clean-up of the extracts by SPE with Oasis cartridges, eluting with dichloromethane:diethyl ether (80:20, v/v) . UAE with acetone:ethyl acetate (1:1, v/v) [248] and MSPD with C 18 and acetonitrile [249] have been also proposed as extraction techniques for the analysis of TCS and methyl-TCS in soil and sludge. Methyl-TCS and TCS were analysed in river sediments by Kronimus et al. [250] using acetone:hexane as extraction solvent and SPE with silica gel as cleanup step. Freeze-dried sludge samples were Soxhlet extracted with ethyl acetate for the analysis of TCS and extracts were purified using silica cartridges eluting with ethyl acetate [253] . TCS was among ten compounds extracted from freeze-dried sediment samples by sequential Soxhlet extraction with dichloromethane (12 h) and water (12 h) or water (12 h) and dichloromethane (12 h) [254] . When FMASE was applied, the extraction was considerably reduced using the same extraction solvents (25 min for dichloromethane and 50 min for water extractions). A sequential extraction was carried out using dichloromethane for non polar analytes and water for semipolar and polar compounds. Chenxi et al. [171] reported the determination of various antibiotics and TCS in digested sludge by UAE followed by a cleanup step using Strata X cartridges. UAE was also used for the extraction of TCS from an Australian sludge with ethyl acetate [255] and the extracts were purified with C 18 cartridges. The extraction time was reduced when MAE and PLE were used. TCS was analysed in river sediments and sludge by MAE with acetone:methanol (1:1, v/v) as extractant solvent, and the analyte was isolated from coextracted compounds on Oasis SPE cartridges and eluted with ethyl acetate [251] . Aguera et al. [252] developed an analytical method for the extraction of TCS and biphenylol in marine sediments by PLE with dichloromethane. The clean-up of the extracts was carried out with silica gel and the analyte eluted with acetone. PLE has been also proposed as extraction methodology for the determination of TCS and TCC in sludge, followed by clean-up with Oasis HLB cartridges [256] [257] [258] .
Sample preparation
Determination
TCS and TCC are compounds unable to be determined directly by GC, so they should be derivatised to more volatile analytes. The use of diazomethane to derivatise this class of compounds has been reported, but due to its toxicity it is not suitable for routine analysis [258] .
Alternatively, silylating reagents like MSTFA [255] and MTBSTA [248, 249] have been used. Because methyl-TCS is a metabolite of TCS, this method can overestimate the TCS concentration, although TCS concentrations can be determined by difference if the methyl-TCS concentration is determined prior to methylation. TCS, methyl-TCS and TCC have been analysed by LC-MS, LC-MS/MS and GC-MS with or without derivatisation. SIM is the monitoring mode used for the qualitative and quantitative analysis of the target analytes in single-quadrupole MS. Lower LODs are achieved with derivatisation using GC-MS, and LC-MS provides lower sensitivity than LC-MS/MS. Labelled 13 C 12 TCS and 13 C 12 methyl-TCS are currently available for use as recovery standards. In order to obtain recoveries over the overall analytical method, surrogate standards, spiked before extraction to compensate for losses during sample preparation, were used [249] . Low levels of these compounds have been detected in soil and sediment samples, whereas higher concentrations were found in sludge samples.
Synthetic musk fragrances
Synthetic musk fragrances are compounds added to provide scent in a variety of PCPs, including deodorants, shampoos and detergents. Based on their chemical structure, synthetic musks are usually divided into three groups: nitro, polycyclic and macrocyclic musks. Nitro musk fragrances were the first to be produced but their use has decreased in recent years due to the concern about their toxicity; they include musk xylene (MX), musk ketone (MK), musk ambrette (MA), musk moskene (MM) and musk tibetene (MT). In the environment, nitro substituents can be reduced to form amino metabolites of these compounds [259] .
In contrast to nitro musks, polycyclic musks are widely used in many household products and toxalide (AHTN) and galaxolide (HHCB) represent about 95% of the market. AHTN and HHCB production has been estimated at about 1 million pounds per year [260] . (Table 12) . Zeng et al. [261] reported a Soxhlet extraction of sludge with dichloromethane and a purification of the resulting extract using an alumina and silica gel column with elution with hexane and dichloromethane. MAE and PLE have become well established techniques and show advantages for the extraction of musk fragrances from solid matrices, due to their high extraction efficiency in a short time, using a low solvent consumption and with the possibility of automation. The sample was mixed with an inert material (sand, aluminium oxide or diatomaceous earth) to increase surface area exposure. The presence of polycyclic and nitro musk in sludge, using MAE and a silica gel column for the cleaning of the extracts, was reported [262] . Smyth et al. [266] reported two extraction methods, based on supercritical fluid extraction (SFE) and MAE, for the analysis of polycyclic and nitro musks in sludge samples. They found no significant differences between both extraction methods. Nevertheless, the air-drying of the sample required for SFE may potentially result in the degradation or volatilisation of some polycyclic and nitro musks. A MAE method was developed for the simultaneous detection of diverse musks in soil and sediments that included the derivatisation of polar analytes after a silica gel open column clean-up [208] . Regarding the application of MAE, Wu et al. [263] developed a solvent-free one step in situ MAE headspace solid-phase microextraction (MA-HS-SPME) method for the determination of polycyclic musks in sludge and sediments. Nitro and polycyclic musks were extracted from biosolid samples by PLE with hexane:ethyl acetate (1:1, v/v) [265] . Extracts were purified by GPC using Bio-Beads S-X eluting with hexane:ethyl acetate (1:1, v/v) and further cleaned up by a silica gel column. In another work, fragrances were extracted from sludge amended soils and sludge by PLE with dichloromethane [264] . The extraction cells were packed with activated silica and diatomaceous earth and the resulting extract was purified in a silica column with dichloromethane as elution solvent. Among these techniques, MAE and PLE are the most widely used (Table 12) .
Determination
The presence of synthetic musk fragances in environmental matrices is well known. The determination of these contaminants has been usually carried out by GC-MS due to their volatility. In so far, well established GC-MS methods are nowadays available for routine monitoring (Table 12) . Synthetic musk fragrances are commonly analysed by GC-EI-MS, but GC-NCI-MS is more sensitive for nitro musks. As isotopically labelled standards are not commercially available, a variety of internal standards have been used instead for the analysis of musk fragrances, including deuterated PAHs and various labelled and unlabelled PCBs. GC-MS methods show good selectivity and sensitivity, and recoveries >80% and LODs at low ng g -1 levels have been obtained with the developed methods (Table 12 ).
Multimethods
Current trends for PCPs clearly indicate the importance of multiresidue methods for chemically different classes of PCPs together with other emerging contaminants, such as pharmaceuticals. LC-MS/MS after a SPE preconcentration on Oasis HLB for sludge samples have been employed for the determination of 11 UV filters, preservatives and antimicrobials in sludge [267] . Wick et al. [268] developed an analytical method for the simultaneous determination of different classes of compounds such as, biocides, UV filters and benzothiazoles by PLE and LC-MS/MS. These authors applied APCI as an alternative ionisation source to ESI. Zhang et al. [229] analysed benzotriazole and benzophenone UV filters in sediment and sludge by shaking with methanol followed by clean-up with Oasis SPE cartridges and determination by LC-MS/MS. Xu et al. [193] developed an analytical method for the simultaneous determination of six different pharmaceuticals and PCPs, one estrogen and three EDCs in soil. The soil was extracted by sonication with acetone:ethyl acetate followed by SPE as a cleanup procedure. The purified extracts were derivatised with MTBSTFA and then analysed by GC-MS. Nieto et al. [240] developed a PLE method for the extraction of several PCPs, including six UV filters, four preservatives and two antimicrobials, from sludge. Analytes were extracted with methanol followed by methanol:water mixtures and on-line purification with alumina. With a sample intake of 1 g and 25 mL as the volume of final extract, recoveries over 79% were obtained by LC-MS/MS. In addition, a sensitive method was developed and validated for the determination of diverse groups of pharmaceutics, steroid hormones and PCPs in sludge. Samples were extracted by UAE followed by SPE clean-up. Analytes were determined by UPLC-MS/MS in multiple reaction monitoring mode and recoveries from 63 to 119% and LOQs in the range of 0.1-3 ng g -1 dry weight were obtained. Ternes et al. [192] compared PLE with UAE for extracting pharmaceuticals and polycyclic musk fragrances from sludge, using methanol and methanol and acetone, respectively. Sample extracts resulting from both methods were dissolved in water, loaded into C 18 cartridges and analytes were eluted with methanol and determined by LC-MS/MS or GC/MS. The extracts were further purified using 1.5% deactivated silica column and elution with hexane:acetone. Both extraction methods were compared and the extraction efficiency obtained was in good agreement, considering the statistical errors. Rice and Mitra [208] developed a time and cost-effective MAE based method for the simultaneous analysis of eight pharmaceuticals and PCPs in soil and sediments. The method consisted of optimising the following variables; derivatisation of the polar target analytes, silica gel open column clean-up, and GC-MS analysis. The final method was applied to both standard-amended soil samples and natural sediment samples and good recoveries were obtained. The extraction of synthetic musk fragrances and UV filters from sludge has been accomplished by shaking three times with hexane followed by purification with GPC [236].
Conclusions
Sample preparation is particularly important in trace analysis, as it can account for a significant amount of the variability of a particular method. Extraction methods such as Soxhlet are often not selective enough to meet the analytical requirements needed for the determination of emerging contaminants in environmental solid matrices. Alternative sample preparation methods have been developed to be more selective, faster and miniaturised, requiring less extraction solvent and sample amount. In addition, the automation of these techniques allows on line extraction, which enables to increase the number of samples to be processed and to reduce human errors by minimising operator intervention. The combination of several sample preparation techniques is often needed to increase the performance, sensitivity, accuracy and precision of the analytical method.
Modern methods for measuring trace amounts of emerging contaminants are mainly based on the application of GC and LC, particularly coupled to MS. Time of flight mass spectrometry (ToF-MS) alone or in combination with quadrupole instruments (QToF-MS), are expected to be applied increasingly for screening and identification of unknown analytes and metabolites. In addition, more attention will have to be paid in the future to metabolites of these contaminants released to the environment as well as to derivatives generated in the environment by degradation reactions. The application of advanced GC and LC coupled to MS/MS has allowed the determination of a broad range of compounds. LODs achieved by GC-MS/MS have been slightly better than those obtained with the LC-MS/MS but this technique has advantages in terms of versatility and less complicated sample preparation avoiding derivatisation of analytes. With this aim, 
